Objective: Bone metastases (BM) from differentiated thyroid cancer (DTC) are associated with poor survival rates. Due to the low frequency of this entity, we performed a multicentric retrospective study that aimed to evaluate the presentation, outcome and causes of death in this population. Subjects and methods: We reviewed file records from 10 databases. BM were diagnosed by: i) biopsy and/or ii) radioiodine (RAI) bone uptake + elevated thyroglobulin (Tg) levels and/or c) bone uptake of 18-FDG in the PET-CT scan + elevated Tg levels. Results: Fifty-two patients with DTC were included (44% male, mean age 54 years); 58% had papillary histology. BM were synchronous with DTC diagnosis in 46% of the participating cases. BM were symptomatic in 65% of the cases. Multiple BM were present in 65% of patients, while simultaneous metastatic disease in additional sites was found in 69%. Ninety-eight percent of patients received treatment for the BM, which included RAI therapy in 42 patients; 30 of them received cumulative RAI doses that were larger than 600 mCi 131 I. The mean follow-up after a BM diagnosis was 34 months. The 2-and 5-year survival rates after diagnosis of the first BM were 64% and 38%, respectively. The status on the last evaluation was DTC-related death in 52% of the patients; 26% of them died from direct complications of BM or their treatments. Conclusion: BM are usually radioiodine-refractory and are associated with a short overall survival, although most of the patients died of causes not directly related to the BM.
INTRODUCTION
I n most published series, patients with differentiated thyroid cancer (DTC) have a 10-year overall survival rate of 85-93% (1). However, when distant metastases occur, the overall survival may decrease to 50% at 5 years of follow-up (1) (2) (3) (4) .
Among cases, the most frequent localizations of DTC metastases are the lungs in 50%, bones in 25 to 30% and both sites in 20% (5) (6) (7) (8) .
The treatment of distant metastases usually involves the use of radioactive iodine (RAI), which may be administered several times during follow-up. Nevertheless, once DTC is no longer amenable to RAI therapy or surgery, the expected survival declines rapidly, and death from thyroid carcinoma within 3 years is common (8, 9) .
Bone metastases (BM) may severely reduce the quality of life (QoL) in patients with disseminated thyroid cancer, causing pain, fractures and spinal cord compression, among other complications (10) . BM is a difficult clinical problem that requires a multidisciplinary approach.
Cancer is generally incurable once it has metastasized to the bone. It has been suggested that bone marrow can serve as reservoir for dormant tumor cells, thereby rendering them resistant to RAI and conventional chemotherapeutic agents (11) .
However, the causes of death in patients with DTC and BM have not been widely evaluated, probably due to the low frequency of this entity. Therefore, we decided to perform a retrospective review of patients with DTC and BM that were followed up in 10 referral endocrinology units in Argentina in order to evaluate the epidemiology, forms of presentation, treatments modalities and outcome, including overall survival and causes of death.
SUBJECTS AND METHODS
We reviewed the file records of patients with DTC whom were treated at 10 hospitals. Since this was a retrospective study, written consent was deemed unnecessary. Confidentiality of patients' data was maintained in accordance with each institution's standards. We included patients who were treated with total thyroidectomy (either with or without lymph node dissection) and remnant ablation. The patients were classified according to the TNM staging system (AJCC/UICC; 7 ed) (12) and to the risk of recurrence classification from the American Thyroid Association (13) . The baseline characteristics of the patients who were included are shown in Table 1 . BM were diagnosed by: i) biopsy and/or ii) after 131 I bone uptake associated with elevated thyroglobulin (Tg) levels and/or iii) abnormal bone uptake of 18 fluordeoxyglucose in the positron emission tomography (PET/CT) scan associated with elevated Tg levels.
The following clinical-pathological features of the BM were considered for the analysis: methodology for the diagnosis of the BM, the number and localization of the BM foci, the symptoms generated by the BM, the sites of RAI radioiodine uptake after the administration of the 131 I dose and the presence of loco-regional disease and/or other non-skeletal metastatic sites.
BM were classified as synchronous if they were detected within the first 6 months after the diagnosis of the DTC and metachronous if they were found later in the follow-up.
Clinical management during follow-up
After the initial approach, the patients were followed by assessing their clinical status in response to initial therapy by using thyroid hormone withdrawal (THW)-stimulated Tg, along with diagnostic or post-treatment whole body scans (WBS) and neck ultrasonography. All patients underwent morphological imaging, including computed tomography (CT) and/or PET/CT. The response to treatment was defined as follows: i) remission: undetectable stimulated Tg levels with negative post-dose WBS associated to the absence of structural images in CT and or PET/CT); ii) biochemical persistence: detectable Tg levels under thyroid hormone suppressive therapy or after THW, or persistent/increasing levels of TgAb with negative post dose WBS associated to the lack of structural images in CT and/or PET/CT); and iii) incomplete structural response.
Patients with BM received RAI treatments (mean cumulative activity: 391 mCi 131 I, median 200 mCi, range 100-1500 mCi) until i) adverse events related to RAI appeared or ii) no response to treatment was observed due to progressive disease. Different modalities for the treatment of BM were also evaluated.
We considered the causes of death due to DTC and classified them as secondary to BM when they could be attributed to a direct complication of BM (such as pulmonary thromboembolism caused by immobilization, decubitus ulcer infections in bedridden patients or complications of their treatment, pathological fracture or due to disseminated DTC).
Statistical analyses were performed using SPSS software (version 21: SPSS Inc., Chicago Il). Quantitative variables are expressed as means ± SD; qualitative data are expressed in percentages. Continuous variables were 
RESULTS
Out of a total of 3810 patients with DTC, 52 (1.3%) were found to have BM and were included in the study (Table 1) . BM were diagnosed synchronously (at the moment of the diagnosis of the DTC) in 46.2% of patients (n = 24) and metachronously in 53.8% (n = 28). Metachronous metastases were diagnosed 7-240 months after the initial diagnosis (median: 72 months).
BM were symptomatic in 65.4% of the cases (n = 34). Pain was the most frequent clinical presentation (73.5%, n = 25), while fractures and neurological symptoms were each reported in 8.8% of the cases (n = 3). The characteristics of BM can be observed in Table 2 . Either as a presenting symptom or as a later event, spinal cord compression was noted in 6 cases (11,5%).
Simultaneous metastatic disease in sites other than bone was found in 69.2% of the patients (n = 36). The lung was the most frequently affected site in 94.4% of the cases (n = 34), followed by the brain, retroperitoneum, adrenal glands and skin (6.6%).
The blood calcium levels were normal in all cases. Stimulated Tg levels at the time of diagnosis of BM (excluding two patients with positive TgAb) were available in 43 cases. They were < 100 ng/mL in 16% of patients, between 100-1000 ng/mL in 39.5% and > 1000 ng/mL in the remaining 46.5%.
Only one patient was not treated due to advanced disease and poor performance status. The remaining patients received treatment for their BM.
The treatment modalities included RAI therapy in 80.7% (n = 42; 30 of them received cumulative RAI doses larger than 600 mCi 131 I), intravenous monthly bisphosphonates in 57.6 % (n = 30) and 19 of them received pamidronate, while the remaining 11 were treated with zoledronate, surgery in 50% (n = 26), external beam radiotherapy 50% (n = 26), other therapies in 13.4% (sorafenib n = 4, doxorubicin n = 2, thalidomide and radiofrequency ablation, one patient each).
The mean follow-up after diagnosis of first BM was 34.4 ± 33.7 months (median: 24 months, range: 1-67 months). More than 50% of patients died of causes related to the DTC. Hürthle cell carcinoma (30 vs 0%, p 0,005) and fracture as a presenting symptom (20 vs 2.4%, p 0,007) were more frequent in patients who died of DTC-related causes. Radioiodine uptake was found less frequently in patients who died from DTC, although it did not reach statistical significance (40 vs. 61%, p ns). The status on last evaluation can be observed in Figure 1 . All of the patients who were alive with persisting disease at the end of the follow-up period had an incomplete structural response. When DTC-related causes of death (n = 27) were analyzed, 25.9% of the patients (n = 7) died of direct complications of BM or their treatment. The remaining 20 died of other complications related to other localizations of DTC (Table 3) . The 2-and 5-year survival rates after the diagnosis of the first BM were 63.5% and 38%, respectively; the overall survival is depicted by the Kaplan-Meier curve in Figure 2 .
The median overall survival was 24 months (range 1-120 months).
When we analyzed mortality related to BM (Table 4) , the presence of papillary thyroid cancer and painful BM were more frequent in patients who died from causes not related to the BM. 
DISCUSSION
Local or distant metastases occur in nearly 10% of patients with DTC (14) . In this setting, therapeutic options may include the use of RAI, surgery, and/or the use of external beam radiotherapy (EBRT), among others (15) . Nevertheless, between one-third to twothirds of patients with metastatic DTC will become RAI Bone metastases from thyroid cancer Arch Endocrinol Metab. 2018;62/1 refractory, and this situation is often seen in patients with BM (8). As we observed in our study, most patients fulfill the current criteria for RAI refractoriness (16) . This subgroup of patients generally has a poor overall prognosis, with 10-year survival rates of only 10% and median survival from the discovery of metastases of only 3 to 5 years (8) .
DTC has a high tendency to metastasize to bone compared to other tumors; it was reported to be the third most frequent solid tumor after breast and prostate cancer (17) , although the physiopathology of BM from DTC is largely uncharacterized.
Follicular thyroid cancer and papillary thyroid cancer show different patterns of spread. The former has a higher propensity to disseminate to bones (7-28% versus 1.4-7% for with papillary thyroid cancer), probably due to a higher frequency of haematogenous dissemination (10, 18) . However, in absolute terms, in our study we found a greater number of patients with papillary carcinoma and BM, similar to that reported in other series (19) . This finding is probably related to the overall higher incidence of papillary thyroid cancer compared to follicular thyroid cancer that, in most current series, comprises only 4 to 7% of the cases.
Skeletal related events (SRE), such as pathological fractures, spinal cord compression, pain and hypercalcemia, are frequent events that adversely affect the QoL of DTC patients with BM (20) . As expected, in the present series, 65% of the patients presented symptoms related to BM.
Most of the BM are located in the spine (21) and, as a consequence, spinal cord compression may occur in 14 to 50% of the cases (22, 23) . In the present series, it was found in 11% of the cases.
Nearly half of the patients in our study presented with pain as the initial symptom. Osseous pain was more frequent in those patients who died due to causes not related to BM (52.6% vs. 10%). It is possible that pain may have led to an earlier BM diagnosis before severe complications occur.
The incidence of hypercalcemia in BM from DTC is variable and has been reported to be as low as 0-4% (19, 20, 23) to 25-37% (24) . We found no cases of hypercalcemia in the present series. Tumoral hypercalcemia is mainly caused by parathyroidhormone-related peptide secretion (25) . Nevertheless, the physiopathology of hypercalcemia occurring in patients with DTC remains to be elucidated.
Considering the treatment modalities, a combination of multiple strategies is generally recommended for patients with BM from DTC (19) . Nearly 90% of our patients received more than one option of treatment. In addition to 131 I therapy (81%), surgery (50%), EBRT (50%) and bisphophonates (60%) were frequently used. In selected cases, chemotherapy, sorafenib and radiofrequency ablation were also indicated.
RAI was used in 81% of patients in our series; 60% of them showed uptake of 131 I in BM. However, only one patient achieved remission after RAI as the only modality of treatment (cumulative activity of 400 mCi 131 I). Sabra and cols. demonstrated the lack of oncological benefit in the majority of patients treated with I-131 for distant metastases (9) , highlighting that RAI therapy is rarely curative in these patients when used as a solitary therapy. However, an impact on the survival of patients treated with RAI was shown by some authors (19, 22, 26) . Moreover, the complete surgical resection approach followed by RAI therapy has been related to better overall survival (19, (27) (28) (29) .
The complete resection of BM can rarely be achieved when bone disease comprises multiple sites (as was the case in 63% of our series) and the palliative resection of BM has less of an impact on survival (84.4% vs. 55.3%) (29) . It should only be considered to obtain a better QoL (30) . The mean 5-year survival in DTC patients with BM ranges from 41% to 87% (20, 26, 28, 31) . Accordingly, we found that 38% of patients in our series were alive 5 years after the diagnosis of the first BM.
Prognostic factors for cancer-specific mortality in patients with distant metastases from DTC have been widely studied (8, (32) (33) (34) . Most series consistently report that follicular carcinoma, poorly differentiated histology, a lack of radioiodine uptake, advanced age, widespread disease and BM per se are predictors of a worse prognosis and shorter overall survival. Poorly differentiated thyroid cancer patients were excluded from the present study; however, all of the remaining risk factors were found in the majority of our population. In this setting, other metastatic sites (such as the lung) or local recurrences are often the immediate causes of death. In the study by Kitamura and cols. (32) , the causes of death were respiratory insufficiency (43%), circulatory failure (15%), hemorrhage (15%) and airway obstruction (13%). Nevertheless, in some cases it was not possible to identify the specific cause, due to the simultaneous compromise of several organs. In the existing literature, the rates of mortality due exclusively to BM are variable and they are usually low (0 to 24%) (6, 35, 36) . In our study, less than one-third of the deaths were directly related to BM. In the remaining cases, death was caused by other complications of advanced DTC, mainly related to respiratory events.
In conclusion, to our knowledge, this is the first multicentric study performed in Latin America on this topic. BM cause significant morbidity and should be managed with a multidisciplinary approach that aims to improve the QoL. Patient selection is important to tailor therapy to individual needs. Further studies with bone targeted agents are needed to assess the utility of these therapeutic modalities in DTC patients. BM are usually RAI refractory and are associated with a decrease in overall survival, although the causes of death are mainly related to complications of non-BM localizations of DTC.
